A Gram-stain-positive, aerobic, motile, endospore-forming bacterium, designated strain J15A17 T , was isolated from sediment of the South China Sea. The strain was oxidase-positive and catalase-negative. Optimal growth occurred at 33 C, pH 7.5 and in the presence of 3 % (w/v) NaCl. On the basis of 16S rRNA gene sequence analysis, the strain showed closest similarity (92.8 %) to Paenibacillus puldeungensis strain CAU 9324 T . Phylogenetic analysis based on 16S rRNA gene sequences showed that the isolate forms a separate branch within the family Paenibacillaceae, with the genus Cohnella as the most closely related genus. The DNA G+C content of strain J15A17 T was 37.4 mol%. The strain contained MK-7 as the sole respiratory quinone; anteiso-C 15 : 0 and iso-C 16 : 0 were the major cellular fatty acids; and its polar lipid pattern consisted of diphosphatidylglycerol, phosphatidylglycerol, phosphatidylethanolamine, glycolipid and four unidentified phospholipids. The strain displayed the peptidoglycan type A4a L-Lys-D-Asp in the cell wall. Phylogenetic, physiological, biochemical and morphological differences between strain J15A17 T and its closest relatives in the genera Cohnella, Fontibacillus and
The family Paenibacillaceae, at the time of writing, is represented by 246 species within the following 11 genera: Ammoniibacillus, Ammoniphilus, Aneurinibacillus, Brevibacillus, Cohnella, Fontibacillus, Marinicrinis, Oxalophagus, Paenibacillus, Saccharibacillus and Thermobacillus [1] [2] [3] [4] [5] [6] [7] [8] [9] [10] [11] . The genera Cohnella and Paenibacillus with the type species Cohnella thermotolerans and Paenibacillus polymyxa, respectively, are the largest taxa, comprising 25 and 218 species, respectively (http://www.bacterio.net/paenibacillaceae.html; https://www.dsmz.de/bacterial-diversity/prokaryotic-nomenclature-up-to-date/prokariotic-nomenclatureup-to-date.html). Most of the members of the family Paenibacillaceae have Gram-stain-positive and rod-shaped cells with different physiological types, such as aerobic or facultatively anaerobic, psychrotolerant or thermophilic, halotolerant or non-halotolerant, spore-forming or nonspore-forming, and motile or nonmotile [8, 9, 12] . In the present study, we describe the isolation and identification of a novel bacterium (designated J15A17 T ) isolated from marine sediment during the course of a study on microbial carbon fixation in marine sediments.
Sediment was collected from the south regions of the South China Sea (5 36 .51¢ N 113 38.97¢; depth: 2125 m; date of collection: 25 April 2012). At that time, the sediment on the surface from which the sample was taken had a temperature of 3.7 C and a pH of 7.3. Marine sediment dilutions (up to 10 À1 , 1 g sediment in 9 ml artificial seawater) were spreadplated on marine agar 2216 (MA; pH 7.2; Difco) [13] and incubated at 28 C under aerobic conditions. One isolate, designated J15A17
T , was obtained after being incubated for 5 days. For further identification purposes, the strain was compared together with Paenibacillus polymyxa DSM 36 T , Fontibacillus aquaticus DSM 17643 T and Cohnella thermotolerans DSM 17683 T in a taxonomic study using a polyphasic approach. All reference strains were obtained from the Deutsche Sammlung von Mikroorganismen und Zellkulturen (DSMZ; Braunschweig, Germany). The novel strain was maintained in marine broth 2216 (MB; Difco) supplemented with 20 % (v/v) glycerol, and the reference strains were preserved in tryptic soy broth (TSB; Oxoid) with 20 % (v/v) glycerol at À80 C. Unless otherwise indicated, morphological and physiological studies were performed with cells grown on MA except for Cohnella thermotolerans DSM 17683 T , which was grown on tryptic soy agar (TSA; Oxoid) at pH 7.5 and 33 C.
Gram-staining was performed as described by Smibert and Krieg [14] . Cell morphology was observed under a light microscopy (AX70; Olympus) and by transmission electron microscopy (Jem-1200; Jeol), using cells that had been grown for 48 h; spores were detected by malachite green staining of cells grown for 5 days. Anaerobic growth was assessed in an anaerobic chamber in an atmosphere consisting of 10 % CO 2 , 10 % H 2 and 80 % N 2 on MA with or without 0.25 % (w/v) NaNO 3 for 7 days at 28 C. Oxidase activity was detected using 1 % tetramethyl-p-phenylenediamine. Catalase activity was tested by pouring a 3 % H 2 O 2 (v/v) solution on bacterial colonies. Amylase and lipase activities were determined on MA medium supplemented with 0.2 % (w/v) soluble starch and 1 % (v/v) Tween 80. Nitrate reduction, hydrolysis of DNA, urea and casein, methyl red test, Voges-Proskauer reaction, and production of indole and H 2 S were tested as recommended by Smibert and Krieg [14] . Growth ranges and optima of temperature were indicated by incubating the isolate at 4-50 C (4 C for 20 days; 16, 28, 30, 33, 37 40, 45, 50 C for 7 days). Halotolerance was assessed on MA medium made with artificial seawater (consisting of 0.6 % MgCl 2 , 0.32 % Na 2 SO 4 , 0.18 % CaCl 2 , 0.06 % KCl, 0.02 % Na 2 CO 3 , traces of Na 2 SiO 3 and NaF) at NaCl concentrations of 0-25 % (w/v) (0, 1, 3, 5, 10, 15, 20, 25 %). The pH range for growth was assessed by adding MES (pH 5.5-6.0), PIPES (pH 6.5-7.0), HEPES (pH 7.5-8.0), Tricine (pH 8.5) and 3-(cyclohexylamino)-2-hydroxy-1-propanesulfonic acid sodium salt (CAPSO; pH 9.0-9.5) (Sangon) at a concentration of 20 mM in MB medium.
Oxidation of substrates, acid production from carbohydrates, activities of constitutive enzymes and other physiological characteristics were examined using GEN III MicroPlates (Biolog) and API 50 CHB, API ZYM and API 20E strips (bio-M erieux) according to the manufacturers' instructions. Determination of acid production from carbohydrates was also performed using traditional methods as recommended by Ventosa et al. [15] . All suspension media were supplemented with 3 % (w/v) NaCl except that for Cohnella thermotolerans DSM 17683 T , which was supplemented with 0.85 % (w/v) NaCl, and incubated at 33 C for 48 h. All tests were performed in duplicate. Antibiotic tests of the strain was determined as described by Jorgensen et al. [16] , and the following antibiotic-impregnated discs (Hangzhou Microbial Reagent) were used: clindamycin (2 µg), chloramphenicol (30 µg), gentamicin (10 µg), tetracycline (30 µg), streptomycin (10 µg), kanamycin (30 µg), polymyxin B (300 µg), ampicillin (10 µg) and rifampicin (5 µg). Strain J15A17
T was resistant to kanamycin and polymyxin B, but sensitive to streptomycin, clindamycin, chloramphenicol, gentamicin, tetracycline, ampicillin and rifampicin.
Genomic DNA was extracted and purified using the High Pure Viral Nucleic Acid kit (Roche Diagnostics) using a cell suspension of bacteria in place of a blood sample as stated in the protocol. PCR amplification of the 16S rRNA gene was performed using two universal primers: 27f (5¢-AGAGTTTGATCMTGGCTCAG-3¢) and 1492r (5¢-TACG-GYTACCTTGTTA CGAC-3¢) [17] . An almost-complete 16S rRNA gene sequence of strain J15A17 T (1518 bp) was determined and used to search for similar sequences in the EzTaxon and EzTaxon-e databases (https://www.ezbiocloud.net/eztaxon) [18, 19] . Multiple alignments of sequences for the type strains of the most closely related species were performed using CLUSTAL X [20] . A phylogenetic analysis was then performed using the computer program MEGA version 6.0 [21] . Phylogenetic trees were reconstructed using the neighbour-joining [22] , maximum-likelihood [23] and maximum-parsimony [24] methods, and distances were calculated according to the two-parameter model of Kimura [25] . The bootstrap analyses were based on 1000 resamplings, and the complete deletion option was used for the analysis [26] .
Sequence similarity values calculated for strain J15A17 T indicated the greatest degree of similarity to Paenibacillus puldeungensis strain CAU 9324 T (GenBank accession no. GU187433; 92.8 %) and F. aquaticus strain GPTSA 19 T (GenBank accession no. DQ023221; 92.6 %), which were, respectively, described by Traiwan et al. [27] and Saha et al. [9] . Moreover, strain J15A17
T showed less than 92.5 % sequence similarity to the other representative members within the family Paenibacillaceae. In general, the minimum identity value that guarantees the circumscription of a single genus is 94.9±0.4 % to the type species, and lower values may lead to a new genus circumscription in principle [28] . Therefore, these levels of 16S rRNA gene sequence similarity are generally considered sufficient that strain J15A17
T is a representative of a novel species belonging to a new genus since organisms that share less than 93.0 % 16S rRNA gene sequence similarity show much less than 70 % DNA-DNA reassociation [19, 29, 30] . Phylogenetic trees obtained by using the neighbour-joining method (Fig. 1) clearly showed affiliation of strain J15A17
T to the family Paenibacillaceae, being positioned on a separate branch within this family. This toplogy was also supported by the maximum-likelihood and maximum-parsimony algorithms (see Figs S1 and S2, available in the online Supplementary Material). The clade containing the novel strain was also obtained as a well-separated lineage distinct from other recognized genera within the family Paenibacillaceae.
For chemotaxonomic and molecular systematic studies, strain J15A17
T was grown in MB in flasks shaken at 120 r.p.m., at 33 C for 48 h, and the biomass was harvested by centrifugation and washed twice with distilled water and freeze-dried. The genomic DNA G+C content was determined by HPLC as described by Mesbah et al. [31] . Menaquinones were extracted as described by Minnikin et al. [32] and separated by HPLC [33] . Polar lipids were detected using two-dimensional TLC following the method of Minnikin et al. [32] . Four separate TLC plates (EMD Millipore) were prepared for each sample and stained individually using phosphomolybdic acid solution (total lipids), molybdenum blue solution (phosphates), anaphthol sulfuric solution (carbohydrates) or ninhydrin (amines) (all reagents were from Sigma-Aldrich). The fatty acids were determined for the novel isolate, P. polymyxa DSM 36
T , F. aquaticus DSM 17643 T and Cohnella thermotolerans DSM 17683
T as described by Sasser [34] using the Microbial Identification System (Microbial ID). The type of diamino acid of the cell-wall peptidoglycan was analysed by the Identification Service, Leibniz Institut DSMZDeutsche Sammlung von Mikroorganismen und Zellkulturen, Braunschweig, Germany.
The detailed fatty acid content of strain J15A17
T in comparison with those of closely related strains is shown in Table 1 . The fatty acid profile of the novel strain comprised mainly iso-and anteiso-branched fatty acids (anteiso-C 15 : 0 , 36.5 %; iso-C 16 : 0 , 26.7 %). The fatty acid profile was similar to that of the closely related species of the genus Cohnella, but was different from those of species of the genera Paenibacillus and Fontibacillus, which comprised mainly anteiso-branched and saturated fatty acids. The predominant respiratory quinone of strain J15A17 T was MK-7 (100 %). In addition, we found that the new isolate had fewer saturated fatty acids than its close relative in the genus Cohnella.
The diamino acid type in the peptidoglycan of strain J15A17 T was A4a L-Lys-D-Asp. No isomers of diaminopimelic acid could be detected, which is different from many species of the genera Cohnella, Paenibacillus and Fontibacillus. Polar lipids
Paenibacillus taihuensis THMBG22 T (JQ398861)
Paenibacillus mendelii C/2 T (AF537343)
Paenibacillus agarexedens DSM 1327 T (AJ345020)
Paenibacillus alkaliterrae KSL-134 T (AY960748)
Paenibacillus kribbensis AM49 T (AF391123)

Fontibacillus phaseoli BAPVE7B T (KF583881)
Paenibacillus polymyxa ATCC 842 T (AJ320493)
Paenibacillus macerans IAM 12467 T (AB073196)
Paenibacillus barengoltzii SAFN-016 T (AY167814)
Paenibacillus shenyangensis A9 T (KF834270)
Fontibacillus solani A4STR04 T (LN651195)
Fontibacillus panacisegetis P11-6 T (GQ303568)
Fontibacillus aquaticus GPTSA 19 T (DQ023221)
Marinicrinis sediminis NC2-42 T (KR604722)
Chengkuizengella sediminis J15A17 T (KU870236)
Saccharibacillus sacchari GR21 T (EU014873)
Cohnella thermotolerans CCUG 47242 T (AJ971483)
Cohnella rhizosphaerae CSE-5610 T (KF840792)
Cohnella arctica M9-62 T (HQ315787)
Cohnella luojiensis HY-22R T (GQ214052)
Cohnella cellulosilytica FCN3-3 T (HQ704069)
Cohnella yongneupensis 5YN10-14 T (EF368008)
Cohnella laeviribosi RI-39 T (DQ459874)
Cohnella fontinalis YT-1101 T (AB362828) found in the novel strain were diphosphatidylglycerol (DPG), phosphatidylglycerol (PG), phosphatidylethanolamine (PE), glycolipid and four unidentified phospholipids (see Fig. S3 ). It was also found that the strain J15A17
Thermobacillus xylanilyticus CNCM I-1017 T (AJ005795)
Ammoniphilus oxalaticus DSM 115386 T (Y14578)
T as well as the most closely related species of the genera Cohnella, Fontibacillus and Paenibacillus contained DPG, PG and PE as predominant polar lipids. However, the absence of lysyl-phosphatidylglycerol, aminophospholipid and aminophosphoglycolipid, respectively, distinguished J15A17
T from Cohnella thermotolerans DSM 17683 T , P. polymyxa DSM 36 T and F. aquaticus DSM 17643 T [7, 9] . The genomic DNA G+C content of strain J15A17 T was 37.4 %, lower than that of members of the genera Paenibacillus (43-54 %) [1, 35] , Fontibacillus (41.9-50.5 %) [9, 36, 37] and Cohnella (49.6-65.1 %) [7, 12, 38, 39] , which all belong to the family Paenibacillaceae. The physiological and biochemical characteristics that serve to differentiate strain J15A17
T from its phylogenetic neighbours are listed in Table 2 .
Therefore, based on the phylogenetic, chemotaxonomic and phenotypic results presented above, we propose to create a new genus, namely Chengkuizengella gen. nov. Strain 
DESCRIPTION OF CHENGKUIZENGELLA SEDIMINIS SP. NOV.
Chengkuizengella sediminis (se.di¢mi.nis. L. gen. n. sediminis of sediment, the source of the type strain).
The species has the following properties in addition to those given for the genus. Cells are 0.2-0.5Â0.5-4 µm, occurring singly or in pairs, and motile with peritrichous flagella. Round endospores are produced at a terminal position in swollen sporangia. Colonies on MA are creamy white, translucent with slightly irregular margins, with a tiny raised point at the centre and approximately 2-3 mm in diameter after 2 days of growth at 33 C. Growth occurs at 4-40 C and in the presence of 0-5 % (w/v) NaCl, with the optimum growth at [30] [31] [32] [33] C and with 3 % (w/v) NaCl. The optimum pH for growth is pH 7.5; growth does not occur below pH 6.0 or above pH 9.0. Positive for hydrolysis of aesculin, gelatin, Tween 80 and 2-nitrophenyl b-D-galactopyranoside (ONPG), but negative for hydrolysis of starch, casein, DNA and urea. Positive for nitrate reduction, but negative for methyl red test, Voges-Proskauer reaction, arginine dihydrolase, lysine decarboxylase, ornithine decarboxylase, tryptophan deaminase, H 2 S production, indole production and Simmons' citrate utilization. Can produce acid from Dribose, but not from L-arabinose, D-glucose, D-galactose, Dfructose, D-turanose, lactose, cellobiose, melibiose or sucrose. Glucuronamide and L-rhamnose can be oxidized as a substrate. Alkaline phosphatase, esterase (C4), esterase lipase (C8), leucine arylamidase, a-chymotrypsin and naphthol-AS-BI-phosphohydrolase are present, but lipase (C14), valine arylamidase, cystine arylamidase, trypsin, acid phosphatase, a-galactosidase, b-galactosidase, b-glucuronidase, a-glucosidase, b-glucosidase, N-acetyl-b-glucosaminidase, a-mannosidase and a-fucosidase are absent. The sole respiratory quinone is MK-7. The predominant cellular fatty acids are anteiso-C 15 : 0 and iso-C 16 : 0 ; anteiso-C 17 : 0 and iso-C 15 : 0 occur in moderate amounts. In addition to the diagnostic polar lipids listed in the genus description, glycolipid and four unidentified phospholipids are present in moderate and minor amounts. 
iso-C 17 : 1 !10c T . All taxa were spore-forming and positive for the Gram reaction. All taxa were negative for indole production and H 2 S production, hydrolysis of urea, acid production from L-sorbose, L-rhamnose and D-lyxose, and activity of lipase (C14), N-acetylglucosaminidase, a-mannosidase and a-fucosidase. All data were from this study unless indicated. +, Positive; (+), weakly positive; À, negative; ND, not determined. The type strain is J15A17 T (=KCTC 33759 T =MCCC 1H00137 T ) and was isolated from a sediment sample collected from the South China Sea. The genomic DNA G+C content of the type strain is 37.4 mol%. 
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